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[ ■ • ' • ' (57) Abstract: 
PROBLEM TO BE SOLVED: To manufacture a SAW element, which enables 
formation of a microscopic electrode pattern of the IDT in its interior, 
and can cope with increase in turning into high frequency. 
SOLUTION: A resist pattern 12 is formed on the surface of a wafer 9 
formed with an electrode region 10, which is made to coat with an 
aluminium thin film to pattern the thin film and comprises an IDT, in 
such a way that a resist material is applied on the surface of the wafer 

9 and parts, which are used as interdigital electrodes, of the wafer 9 
are left and thereafter, the exposed aluminium thin film on the region 

10 is anodically oxidated to oxidize the thin film and the IDT is 
formed. In another embodiment, after the exposed thin film is removed to 
its middle by a dry etching, the remaining thin film is completely 
oxidized by the anodic oxidation treatment to form the IDT. In this SAW 



element, the interdigital electrodes 3a and 3b adjoining each other are 
separated from each other through each A1203 thin film 7. The IDT can be 
coated with a flat insulating film 8, having a piezoelectricity and in 
that case, a non-piezoelectric material, which is high in the 
propagation velocity of a surface acoustic wave, can be used for a 
substrate. 
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CLAIMS 



[Claim (s)] 

[Claim 1] The process which forms the electrode field containing at 



least 1 set of IDT(s) which make put it and carry out patterning of the 
metal thin film on the surface of a substrate, and consist of crossover 
finger electrodes, The process which forms a resist pattern so that it 
may leave the part which applies a resist ingredient on said electrode 
field, and serves as a crossover finger electrode, The manufacture 
approach of the SAW component characterized by having the process which 
forms IDT by oxidizing the metal thin film of an electrode field to 
expose completely using said resist pattern. 

[Claim 2] The process which forms the electrode field containing at 
least 1 set of IDT(s) which make put it and carry out patterning of the 
metal thin film on the surface of a substrate, and consist of crossover 
finger electrodes, The process which forms a resist pattern so that it 
may leave the part which applies a resist ingredient on said electrode 
field, and serves as a crossover finger electrode, The manufacture 
approach of the SAW component characterized by having the process in 
which etching removes partially the metal thin film of said electrode 
field to expose to the middle, and the process which the part into which 
the metal thin film of said exposed electrode field remains is oxidized 
completely, and forms IDT. 

[Claim 3] The manufacture approach of the SAW component according to 
claim 1 or 2 characterized by oxidizing the metal thin film of said 
electrode field to expose by anodizing. 

[Claim 4] The manufacture approach of the SAW component according to 
claim 1 to 3 characterized by having further the process which forms a 
flat insulator layer on it after forming said IDT. 
[Claim 5] The manufacture approach of the SAW component according to 
claim 4 characterized by consisting of an ingredient with which said 
insulator layer has piezoelectric. 

[Claim 6] The manufacture approach of the SAW component according to 
claim 5 characterized by said substrate consisting of a non- 
piezoelectric ingredient with the quick velocity of propagation of a 
surface acoustic wave. 

[Claim 7] The manufacture approach of the SAW component according to 
claim 1 to 6 which said substrate is the wafer in which said a majority 
of electrode fields were formed on the front face, and is characterized 
by dividing said wafer after said oxidation process at each piece of a 
component. 

[Claim 8] The SAW component to which it has a substrate, at least 1 set 
of IDT(s) which consist of crossover finger electrodes formed in said 
substrate front face, and the reflector arranged each on both sides of 
said IDT at the one both sides on said substrate front face, and said 



adjoining crossover finger electrode is characterized by dissociating 
with the metallic oxide formed in said substrate front face. 
[Claim 9] The SAW component according to claim 8 characterized by 
covering said crossover finger electrode and said metallic oxide with 
the flat insulator layer. 

[Claim 10] The SAW component according to claim 9 characterized by 
consisting of an ingredient with which said insulator layer has 
piezoelectric. 

[Claim 11] The SAW component according to claim 8 to 10 characterized by 
said substrate consisting of a non-piezoelectric ingredient with the 
quick velocity of propagation of a surface acoustic wave. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is equipped with IDT and the 
reflector which consist of a crossover finger electrode formed in the 
substrate front face, and relates to the SAW component using the surface 
acoustic wave (SAW: surface acoustic wave) excited from IDT, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, SAW devices, such as the 
resonator and filter using the SAW component in which IDT and a 
reflector were formed on the front face of a piezo-electric substrate, 
and an oscillator, are widely used for information communication 
equipment, OA equipment, a public welfare device, etc. Conventionally, 
the crossover finger electrode which constitutes IDT is formed by 
etching into a desired pattern the metal thin film vapor-deposited on 



the front face of a piezo-electric substrate using a photolithography 
technique. 

[0003] Although it is suitable for formation of a detailed electrode 
pattern, control of the etching depth is difficult for dry etching, over 
etching is carried out or it has a possibility that damage on the front 
face of a substrate by etching gas may change the piezo-electric 
property of a substrate. For example, after etching into JP, 62-71317, A 
by dry etching until just before a substrate exposes the metal thin film 
on the front face of a substrate, the manufacture approach of the 
surface acoustic wave equipment which carries out patterning of the 
crossover finger electrode is indicated by by removing the remaining 
metal thin film completely by wet etching. 
[0004] 

[Problem(s) to be Solved by the Invention] In the communication link 
field, RF-izing and the Takayasu quality of a SAW device are especially 
demanded recently corresponding to improvement in the speed of the 
communication link accompanying rapid development of a network technique. 
It is required for RF-izing of a SAW device to make electrode width of 
face of IDT smaller, and to make an electrode pattern detailed more. 
However, the thing which it is still narrower, for example, is done for 
the current use of the electrode width of face corresponding to RF-izing 
by the approach of carrying out patterning of the crossover finger 
electrode by the conventional etching mentioned above and to narrow is 
difficult for about 0. 7 micrometers or less. 

[0005] Then, this invention is made in view of the conventional trouble 
mentioned above, and without doing damage to a substrate front face, or 
using dry etching with a possibility of affecting the piezo-electric 
property, as much as possible, the purpose enables formation of the 
detailed electrode pattern of IDT, and is to offer the SAW component 
which can respond to RF-ization, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose according to this invention, patterning of the metal thin film 
is made put and carried out on the surface of a substrate. The process 
which forms the electrode field containing at least 1 set of IDT(s) 
which consist of crossover finger electrodes, The process which forms a 
resist pattern so that it may leave the part which applies a resist 
ingredient on this electrode field, and serves as a crossover finger 
electrode, The manufacture approach of the SAW component characterized 
by having the process which forms IDT is offered by oxidizing the metal 
thin film of an electrode field to expose completely using this resist 



pattern. 

[0007] Thus, IDT of the detailed electrode pattern suitable for RF- 
ization can be formed like the case where the conventional etching 
removes by exposing the part of metal thin films other than the part 
which forms a crossover finger electrode, and oxidizing, without 
moreover damaging a substrate front face by dry etching. 
[0008] Moreover, according to this invention, patterning of the metal 
thin film is made put and carried out on the surface of a substrate. The 
process which forms the electrode field containing at least 1 set of 
IDT(s) which consist of crossover finger electrodes, The process which 
forms a resist pattern so that it may leave the part which applies a 
resist ingredient on this electrode field, and serves as a crossover 
finger electrode, The process in which etching removes the metal thin 
film of an electrode field to expose partially to the middle using this 
resist pattern, The manufacture approach of the SAW component 
characterized by having the process which forms IDT is offered by 
oxidizing completely the part into which the metal thin film of an 
electrode field to expose remains. 

[0009] To generally oxidation treatment of a metal thin film becoming so 
quick that thickness becoming thin, in addition to formation of the 
detailed electrode pattern which fitted RF-ization as mentioned above 
being possible, etching of the thick metal thin film of thickness can 
shorten the processing time, and can raise working efficiency from 
control being comparatively easy. 

[0010] In a certain example, a detailed electrode pattern can be formed 
comparatively easily by oxidizing the metal thin film of an electrode 
field to expose by anodizing. 

[0011] In the another example, after forming IDT by oxidation treatment, 
while preventing detailed inter-electrode short-circuit by having 
further the process which forms a flat insulator layer on it, excitation 
of a good surface acoustic wave can be made easy. 

[0012] Furthermore, in the another example, a surface acoustic wave 
spreads an insulator layer by being formed with the ingredient with 
which an insulator layer has piezoelectric. Therefore, there is no need 
of using the ingredient which not necessarily has piezoelectric in a 
substrate. Therefore, when a substrate consists of a non-piezoelectric 
ingredient with the quick velocity of propagation of a surface acoustic 
wave, the SAW component of a RF is obtained more. 

[0013] In a certain example, a substrate is the wafer in which many 
electrode fields were formed on the front face, and after forming IDT 
for this wafer by oxidation treatment, many RF SAW components can be 



manufactured in large quantities by dividing into each piece of a 
component. 

[0014] According to another side face of this invention, it has a 
substrate, at least 1 set of IDT(s) which consist of crossover finger 
electrodes formed in the substrate front face, and the reflector 
arranged each on both sides of IDT at the one both sides on the 
substrate front face, the adjoining crossover finger electrode is 
separated by the metallic oxide formed in the substrate front face, and 
the possible SAW component of RF-izing is provided with an electrode 
pattern by detailed-ization. 

[0015] In a certain example, inter-electrode short prevention and 
excitation of a good surface acoustic wave are easily realizable by 
covering the crossover finger electrode and the metallic oxide with the 
flat insulator layer. 

[0016] In the another example, by consisting of an ingredient with which 
an insulator layer has piezoelectric, non-piezoelectric material can be 
used for a substrate, and further, when a substrate is a non- 
piezoelectric ingredient with the quick velocity of propagation of a 
surface acoustic wave, RF-ization can be attained more. 
[0017] 

[Embodiment of the Invention] Drawing 1 A shows the example of the piece 
of SAW resonance which applied this invention. This piece 1 of SAW 
resonance has the substrate 2 of the rectangle which consists of piezo 
electric crystals, such as Xtal, lithium tantalate, and lithium NI0BET0, 
IDT4 which consists of one pair of crossover finger electrodes 3a and 3b 
is formed in the center of abbreviation of that front face, and the 
grid-like reflectors 5a and 5b are formed in the both sides of that 
longitudinal direction. The connection lands 6a and 6b linked to the bus 
bar are formed in each crossover finger electrodes 3a and 3b near the 
verge of the longitudinal direction of a substrate 2. Although the 
crossover finger electrode, reflector, and connection land of this 
example are formed with the thin film of aluminum in consideration of 
workability, cost, etc. , other conductive metallic materials, such as an 
aluminium alloy, can be used for them. 

[0018] IDT4 is separated by the thin film 7 of the alumina (aluminum 
203) between [ whose ] the adjoining crossover finger electrodes 3a and 
3b is the oxide of the aluminum formed on the substrate 2 as shown in 
drawing 1 B. In this example, between the crossover finger electrodes 3a 
and 3b which adjoin Reflectors 5a and 5b and this is similarly separated 
by 20aluminum3 thin film 7. IDT4 is covered with the insulator layer 8 
with the flat whole. By forming such an insulator layer 8, a surface 



acoustic wave comes to be excited easily and good from IDT. 
[0019] Moreover, an insulator layer 8 can be formed by the insulating 
material which has piezoelectric [, such as ZnO, ]. In this case, since 
an insulator layer 8 is made to produce electrical-potential-difference 
change by the piezoelectricity effectiveness and an output is obtained, 
a substrate 2 may be an ingredient which does not necessarily have 
piezoelectric. Therefore, the SAW component of high frequency is 
obtained more by using a non-piezoelectric ingredient with the quick 
velocity of propagation of a surface acoustic wave. As such a substrate 
ingredient, there is DLC (Diamond-1 ike-Carbon) , the substrate which 
covered the front face of the usual substrate ingredient with the DLC 
film can be used, and IDT can be formed in the DLC covering surface. 
[0020] Drawing 2 thru/or drawing 4 are used for below, and the process 
which manufactures the piece of SAW resonance of drawing 1 is explained. 
First, the thin film of aluminum is formed in the front face of a wafer 

9 by suitable approaches, such as vacuum evaporationo. Next, by carrying 
out patterning of this aluminum thin film, as shown in drawing 2 , the 
electrode field 10 containing IDT4 and both the reflectors 5a and 5b and 
the connection lands 6a and 6b are formed. Furthermore, the path cord 11 
which connects these to the common terminal in which it was prepared at 
one edge of a wafer is formed. Although the electrode field for one SAW 
component etc. is only indicated by drawing 2 for simplification, many 
electrode fields are formed in wafer 9 actual front face. 

[0021] Next, a resist ingredient is applied to the front face of said 
wafer, and the resist pattern 12 shown in drawing 3 A to which it left 
the part used as the crossover finger electrode of the electrode field 

10 to, and partial 12a of the electrode field between adjoining 
crossover finger electrodes was exposed is formed. As it oxidizes 
completely by anodizing and the part of the aluminum thin film exposed 
from this resist pattern 12 is shown in drawing 3 R>3B, 20aluminum3 thin 
film 7 is formed. When oxygen adheres, as for 20aluminum3 thin film 7, 
thickness becomes thick rather than the original aluminum thin film. 
[0022] Drawing 4 shows the configuration of the equipment for performing 
anodizing roughly. Into the cell 14 into which anodic oxidation liquid 
13 was put, a wafer 9 holds the terminal 15 with a clip 16, and it is 
immersed. Said clip is connected to the anode plate (+) of DC power 
supply 17, and the cathode (-) is connected to the cathode electrode 
plate 18 immersed into the cell 14. If a predetermined electrical 
potential difference is impressed from DC power supply 17, said aluminum 
thin film will oxidize. In this example, although water solutions, such 
as ammonium dihydrogen phosphate, are used as anodization liquid, the 



water solution of the salt near [, such as citrate and adipate, ] the 
neutrality can be used. Moreover, the temperature of anodic oxidation 
liquid 13 has desirable room temperature extent so that the oxide film 
of the imperf oration instead of porous may be formed. 
[0023] Thus, if a resist pattern 12 is removed after oxidizing an 
aluminum thin film completely and forming 20aluminum3 thin film 7, IDT4 
which has a desired detailed electrode pattern will be formed. Finally 
along with a cutting plane line 19, the dicing of the wafer 9 is carried 
out, and, thereby, the piece of SAW resonance of a predetermined number 
is obtained. 

[0024] Drawing 5 shows the production process of the piece of SAW 
resonance by the 2nd example of this invention. First, after forming the 
thin film of aluminum in the front face of a wafer 9, and carrying out 
patterning of this like the 1st example of the above and forming the 
electrode field 10 and the connection lands 6a and 6b, patterning of the 
resist ingredient applied to the wafer front face is carried out, and as 
shown in drawing 5 A, the resist pattern 12 which left the part used as 
the crossover finger electrode of said electrode field is formed. Next, 
in the 2nd example, as shown in drawing 5 R>5B, dry etching removes to 
the middle, the electrode field 10, i.e., the aluminum thin film, 
exposed from the resist pattern 12. And anodizing is carried out until 
it oxidizes completely using the equipment of drawing 4 , as the part of 
the aluminum thin film which remains on a substrate was mentioned above 
in relation to the 1st example. And after removing a resist pattern 12, 
the dicing of the wafer 9 is carried out and the piece of SAW resonance 
of a predetermined number is obtained. 

[0025] As mentioned above, although the suitable example of this 
invention was explained to the detail, this invention can add and carry 
out various modification and deformation in the above-mentioned example 
within the technical limits so that clearly [ this contractor ]. 
[0026] 

[Effect of the Invention] Since IDT of a detailed electrode pattern can 
be formed according to the approach of this invention, without damaging 
a substrate front face by etching not but oxidizing the part of metal 
thin films other than the part which forms a crossover finger electrode 
as mentioned above, the SAW component in which RF-izing is more possible 
is easily realizable. Therefore, SAW devices, such as a SAW component 
corresponding to the demand of improvement in the speed of the latest 
communication link etc. and a resonator using this, a filter, or an 
oscillator, are obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] For A Fig. , the perspective view and B Fig. showing the 
piece of SAW resonance by this invention are an expanded sectional view 
in the I-I line. 

[Drawing 2] The top view showing some wafers in which the bus bar which 
connects many electrode fields and them to the front face was formed. 
[Drawing 3] The sectional view which consists of an A Fig. showing the 
process which forms IDT by the approach of the 1st example of this 
invention in order of a process - a C Fig. 

[Drawing 4] The schematic diagram showing the configuration of the 
equipment for carrying out anodizing of the wafer. 

[Drawing 5] The sectional view which consists of an A Fig. showing the 
process which forms IDT by the approach of the 2nd example of this 
invention in order of a process - a D Fig. 
[Description of Notations] 

1 Piece of SAW Resonance 

2 Substrate 

3a, 3b Crossover finger electrode 
4 IDT 

5a, 5b Reflector 

6a, 6b Connection land 

7 20Aluminum3 Thin Film 

8 Insulator Layer 

9 Wafer 

10 Electrode Field 

11 Path Cord 

12 Resist Pattern 



12a Electrode field part 

13 Anodic Oxidation Liquid 

14 Cell 

15 Terminal 

16 Clip 

17 DC Power Supply 

18 Cathode Electrode Plate 

19 Cutting Plane Line 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 




[Drawing 5] 




[Translation done. ] 



(19) 0*|f #fFJt (JP) (12) ^ Hf] ^ §^ Q ^ (A) (H)tilftBH£n#f» 

#$2002 -84156 
(P2002-84156A) 

(43) teffl B ¥^14^ 3 n 22 B (2002. 3. 22) 

(51) IntCl. 7 figljf^ FI t-va-r(##) 

H 0 3 K 3/08 H 0 3 H 3/08 5 J 0 9 / 

9/145 9/145 C 



S^riMc n^GJScll OL (£6 M) 



(21)fflH#^ 


4#iI2000 - 273394( P2000 -273394) 


(71)tUPA 000002369 








(22) H \MB 


¥^12-^9^ 8 B (2000. 9. 8) 


mjKIEiTitlSSffit 2 r g 4 $ 1 ^ 






(72)?gi£# m BB 












-x:/y>«;&£!±i*i 






(74)fta A 100098062 












F 5J097 AA26 AA28 BB01 BB11 DD29 






FF02 FF04 HA02 HA07 HA08 






HB09 KK09 



(54) mmom] saw^iotos^s 



(57) imm 

mm: i d t zb&xz , a 

[ ] s - ^ a mm i «* $ >° ? - 
— y^'LT „ i d t z^tsnmmm 1 o £?fm l/^x 

II LT ^1* $ if , IDTJ Jgjfct § . SiJ^HttW 
Tli, gftttS 5 ^mm* V y A x- 7 ^y 

£ „ i CO S A Wfg^-Ji , Rjfct S xUfgflffi 3a. 3b 
©l#'A 1 2 OgiSM7T4MB3fLT^5 . I DTIi, JE 



(A) 




(B) 




(2) HB2 002-84156 (P2002-84156A) 



fc as mft&stt x o iz v yx y w - > £ffM-r h m 

St. 

saj-r h mmmmMoi-mm m -ex •? + > y 
man- 1 mmmMM<7)i&mmm<7)mftz> m & ^ 

[fi*ii3] xitthtmmmwn&mtminm 

f4 2 tiEK?) S A W*^S3&frS;. 

[fi*ii4 ] mm i DT^itLtt, ^c7)±tTia 
%mkmmm-mmmz^i-z>ztm®btz> 
m& mm3m ^tiMzim?) s a wa^cosji* 

hz\b zmib-thmmA \,zwm s Aws^sBt 

[ ft 6 ] frf BSS^iWttUffiijgoeBIStOill ^ 
#Etfifflfr ^Sit^at^S 11*11 5 trlBSt 

[fi*ii7] ffiBM*\ ^commizmkcominm 

if 1 6 W vf ix^tlEa^ S AWS^Sit^S;,, 

[ft*ii8] mmt , mmmMmmzfmzixtzim 
tmmfr^i^K t h i fflco i dt t , itriesK^ 
ffitfrie i d t & ^t-?-com»;# i fllsssti^R 

Btgft- h mimmmmtf . tut essub t?FM£ 

#«BH1^4 9*II£ftTu£;tH#®fc-f£SA 

mm. i o ] mammfiKW&^^th^mij'h 



^h^b^mmb^-h 1 1 *if 9 1 iBa^ s a . 

v^JEmttfffW^S i t Hfitt^Sif *if 8JW 
1 OWvftUPtfEfgcOSAWfg^ 

[000 1] 

[%Hj^a-ri.e»^if] ^wm. iiiitML 

fc3cHJgm«*»t=3:5 I DTfc^If^fc I DT 

J&^SWIL^^tt^ffift ( SAW : surface acoustic w 

ave ) mmuzsAwm^m/^commx-mzmi- 

[0002] 

mm?) s awtam fffgafia^o ab, 

x . mrngfoeymmizmm LK&mmig&mmw- 
[0003] v?-<x-;i->m. mm%nw^>-> 

em&KM I X v ^ ifi , x . y f - y m S ^MlW^BffltT 
n'-x >/ f - y ^ tt: 0 . x . y f - y ^"^'x tcisa^ 

x <2MS6 2-7 1 3 1 7-t&«(cli, S^ffi^A 
IBHR^fflS^JItBt mmtX V ?A x y^y^t i 
Ox-yf-y^tJt^ a-^^MffMSr^x.y hx> y ^ 

s ; b izx o . snj&ntfls*^^- 
x y h w^mmmmm^mmummm ztixu 

6. 

[0004] 

[%aj*WUJ;9fct-SIIII] #tfti£(4. Mff^if 

mmzttfcix. sAwr^A x^mmtRV'M^ 

m W £ *VC 1^ S . S AWfV ^ X <7)lfflSiStf fc£f 4 . 
I DT(7)m»&^4 l 9/J^< LtlffiA^-yJ J; otS 

ft-ci4, mmmmznmLxm&mi x^-iwmK , m 

b\±WtCfoh« 

[0005] ^zx^mit. tmu^mcomm^z 

m&X * 3 *ut t »tfi 0 , ^so g W(4 . Soffit* 
A^y^y^'^x%h\m\m-thc\bti:< , I DTO 

So 

[0006] 



(3) HB2 002-84156 (P2002-84156A) 



i ffl<7) i d t zsttwmim* mmt. zcom 

mt zirri n t mmt-t i s Awx^nBt^fsa* 

i o o o 7 ] zox o teLxjm&mx&ffissthmft 
m^^mmm^^imm^xm^mti zbiz 
j o, mM^yi-y^izxmi-tim^tmm^ 

[0008] ttz, *mazxiin. mmmmiz&m 
fm*wmzttp-ow--y?ix . xmm&&t> 
t h i mo i DT^#ti>m«M«^5F«-ti. 

^saffigt, myyxh^?-yzm->x. msi-tz> 

Vfiflme&SmWt Sr i T"x ■/ f - y ?"fc x o w 

6$st s^rf-s <r t s^sak-t* s Awm^mmjj 
[ooo9] HRfcAieiK^iwtaoatt, hw#s< 

a izmmmtizm Ltzwmwm^ - 

•C* Sit fc Jni t , ii»ri£iiLtfIif5S 

[ooio] ^suttMTii. m&tmmmmcD&m 
mmzftrntfuxmizz zbizxv , jt« 

[0011] SiJ^HJfiMTIi, ttllCJ: 9 I DT5r 

(srts £ fc fc i 0 . tMtS^)^ 3 - f- m±t 
ztmmz. mm?mmmmmmi^mz-t^zb 

[0012] jg^iJ«|g«#K1±, ffiSJl^'Jimtt^* 

twst«?iis i t fc j; o , wmmmmmmm 

m&th, ^(ntztb, lltli, Set ttillittSr* 
-f-|>Wfl&fflu§^»^ lot, SfttS 
SiS^gffiilffi^av ^ffimttWfl* 1 £> * 5 i fc t J: 

[0013] iSSHJfiMTIi, S«Wflffifc^<?) 

ati o i DTZB&Lizmzmx<7)m z FMzftM-f& 



[0014] j;ixH\ s«fc . mm 

mmizms&zhtzimt%mmfrt>%&'j?%< 1 1> i a« 

I DTfc s SSUffifc I D T fcgW^OMffl!^ 1 II 
«1lffifcffM$;fi££«K«fc i *)ftMZftXl8 0 . 

y immtiiz x ^mmtmm^ s awi 
[0015] ssnifi^jtfi, 3^gm«$.y£»t 

¥ffi£ffi»^ DSWft-O^ fcfcj; D . 

^zmmx^i. 

[ooi6] wmmmxn, mmft&mm^h 
m^^hzbizx*), jmnwmzMMm^&z 

EltttffltM; fc (c X 9 . i 0 sMM^ 06 i fc 
[00 17] 

[fKHtf>iSift<?)j$$] s i a(±. ^wmmm itz s a 

* f'soffifl:** 1 h MBcoMM 2^1, -f- so^ffl(7J 
^MziM<^xM^9&3a^ 3b*^^rl,IDT4 

im&zti. z<7)Mttfo<?)wmz®w£<DK%m 5 

ti. fWUA'- tfgM Lttl^y b'6a, 6b 

x h ^ if * #* l t r 5 x ^ a com mxms& § ^ 

[0 0 18] IDT4{±, Bfflf^S3^&€ffi3a, 3 
b <35B!s6« , 0 1 B fcjjrf i a . 2 _t t ffM S ^ 

ryps-^A^itttt'*i>r;PS^ ( a 1 2 o 3 ) com 

!&7X'ttMZtlX^&. *mm\X\±, CTtf5a, 5 
b k iixt^»-f-Sx^l:S3 a, 3b C0W\fj\ 
tAl 2 0 3 »K7T-^SI§ixTl^„ IDT4(1 

«8 *Ktt5 i 1 1 «t o , id T^^mmmmm 

[ 0 0 1 9 ] ttz, ffi£IJS8i^ MUZZ n 0^ri:"«J± 
ifi^K8tff€^MT-€J±^&^t§^. ffi^ 

^#ttis«T\ mm 2 (±^-r t ij±ntt&* L&ntr 

V ^ffimttfff4^fflV ^ ; t fc X <0 , J;^ S 

Awm z Ftfnt>ti&, zcoxo^mmwc lx, ma 

(J'DLC (Diamond-1 ike-Carbon) ff$> "9 . MlScOSS 

L CSSffifc I D TiBf^-tl 1 b £ . 
[00 2 0] lilTfc. 02^04 SrfflUT. 01<7)S 
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mzz. ] omm-h<, mz, ^Tn^-^m-m*^ 

——yy-f&ZbliZXt), M2iiZj^fXo{z^ IDT4 

mfmmm 5a, 5b i^mmwm i o t . jsa? 

lift 1 02£J4. fSWfo^fcftfc,. SA 

WHT- l fl^mSf?^ t'iMS^T v^SfcW* 

£ *\ HBg^^x^ 9 mmuim^Mmmmmm^ 

[ 0 0 2 1 ] mttzJW^mtzi/i?* 

l , mstw i o «3csiitffi t & saw*® t 

^mm^ j jt^mmmmrM%-Mzmch. 0 
3Bi,z^i-£~>i l zAi 2 o s mmzifm-tz>, ai 2 o 3 
mm 7 (±, uawfHM-* £ t 1 i -> xj&>Tb 5 

[0022] 04 (4, ^Sfg^Ii^ff 3 £#><7)§£B<0 

i«^i«sunj. rotten 1 3 

»«14^*tc, ^x^9^'. W-5tJH5i? 
U 77 1 6T"&!f LT«i»§;fl£ . mtB? U >yr{4Kit 

*ii 1 Komm ( + ) fcsasrt., ao-toia* ( - ) 
(4, mi 1 4>t>(^satL^Hmsfi 1 8(cjais*i 

R-t&tf, 9 x y fglM>7 y h° y h"^ $m 

<mmmftmtmjs&tih xo^ mmum 1 3 
[0023] zff)Xoi>zrjv^-^Mm^^iizmft 

LXA \ 2 0 3 mm7ifMLfzm, Vi/XYW—yi 

2 k , Hffa«w*€ffi^^-y&*-ri» 1 

DT4^'flM£ix£ 0 7xA9ll ft«C*OI§ril 1 9 
fcifHT^W yy?"$ix. -tfUU ^F/r»OSAW4± 

[ 0 0 2 4 ] 0 5 (4, *mi<m 2 m&Mizx IS AW 

5y K 6 a, 6 b ZfmLtzW., ^xy\Sffi(C*f&l,fc 
yy'XNfff|§y^-~y^L-T\ 05 AfcjjrtJ: 3 

£ , frf Emsfws^Mf gms t & s L£ y y 

XM^yn^MtS. &^i?2H«ajT(4. 0 
tlfiH 1 0 flUt, 5 A»HSr F 5 >f x -y-f y 



tz J: -5 fcH 4 «Hg £ ffl v . ^(cUft^- § i TISfli 
fzm. 9 x ^ 9 £■ r-f y y t T FJf JeIAsO S A WSji^ 
[002 5] lilk. *^0J^if3i*HftMt^UTP*E 

txmmt&zttfxzi, 

[0026] 

■y^y^"T14^<S{[:§^l>; t l/Zi. 0 , SSUffi^JM 

fg$*i>i fc&< w^ms^^-yto idt«T' 

tStO-C. iOajf^^^SAW^Sr^tH 

s. 

[HI] AH(4*^ t J;§SAWii^fr&^^l 

0. B0«^I-IiKt;i5ft5fifc*:IBffflia. 

[H2] *<^1ii(c^ftc^)msii«aV» 
-tl,ys;^A--SrffML^ T >xy^-g|3Sr^¥fflElc 

[03 ] *^b^H1 HMM^^^J; 0 I DT&ffM 

[@4] ^x^^PiffiltWlf SfeftiOgllWlffKS' 
[05 ] *^0f3^2»ifiM^ffi^J: 0 I DT^ffK 

-fhW^l XWM IZtft A 0- D 0^ So * 1= KlTffl0 c 

[ff^-cMH] 

1 SAWSJSfr 

2 £K 

3 a. 3b 3cHt§mffi 

4 IDT 

5a. 5b S»S| 

6a. 6b 

7 A 1 2 0 3 SM 

s wmm 

9 

1 0 VMWM 
1 1 ^EgK 

12 yyxi-A^-y 

12a 

13 mmmitm 

14 m«it 

15 

16 ?y-/7 

17 ESEHii 

is mmmmu 
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